Adaptive Impedance Output Driver Circuit 



FIELD OF THE INVENTION 

[0001 J The present invention relates to the field of electronic circuits. In particular, 

the invention relates to an output driver circuit. 

BACKGROUND 

[0002] Integrated circuits connect to and communicate with each other. Typically, 

integrated circuits communicate with each other by sending and receiving electronic signals 
via one or more electrical interconnects. Physically, the electrical interconnects comprise 
traces on a printed circuit board, wires or cables that connect between the integrated circuits. 
One or more such electrical interconnects may be referred to as a bus. Each of the integrated 
circuits may have an output driver circuit for driving electronic signals via the electrical 
interconnects to one or more receiver integrated circuits. 

[0003] Figure 1 illustrates one example of integrated circuits communicating with 

each other in a memory system. In Figure 1, a bus 102 interconnects a memory controller 104 
and memory modules 106. Each memory module 106 may include integrated circuits such as 
DRAMs. The memory controller and memory module each have one or more output drivers 
108 that interface with the bus 102 for communicating electronic signals with other devices 
on the bus. The one or more output drivers of each memory module may be located, for 
example, in the one or more DRAMs. The speed of signal transmission via the bus 102 is a 
- _ function of many factors such as the_system clock speed, the amount of output current, the 
supply voltage, the number of loads on the bus, the impedance of the bus, the length of the 
bus, and the layout of the bus. The one or more conductors of the bus are sometimes referred 
to as channels. In some systems, all channels connect to a set of pull-up resistors Ro 1 10 (one 
per channel, with just one being shown in Figure 1). 

[0004] Output drivers 108, such as is shown in Figure 1, are preferably current mode 

drivers, which are designed to drive the bus 102 with an amount of current substantially 
independent of the supply voltage provided to the device. The output driver, however, 
preferably generates various drive capabilities in accordance with the load on the bus. For 
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example, if the bus is heavily loaded with memory modules, the output driver preferably 
should generate a larger amount of current to drive a larger load. On the other hand, if the bus 
is lightly loaded, the output driver preferably should generate a smaller amount of current to 
drive a smaller load. Figure 2 illustrates a prior art output driver 108 that drives one channel 
of the bus 102. The output driver 108 includes an output port 204 for connecting the output 
driver to the bus 102, a transistor 202 for driving the output port, a buffer 208 for driving the 
gate terminal of the transistor 202, a bias current source 216 and resistor 218 for providing a 
reference gate voltage 214, a gate capacitor 210 coupling to the reference voltage 214 for 
driving the buffer 208, and a data input 212. The drain terminal of the transistor 202 connects 
to the output port 204 and the source terminal of the transistor 202 connects to the circuit 
ground. The data input 212 is coupled to the input of the buffer 208 and the output of the 
buffer 208, node 206, is coupled to the gate terminal of the transistor 202. Node 206 controls 
the current drawn by transistor 202 from the bus 102. 

[0005] One of the problems of the output driver illustrated in Figure 2 is that the low 

threshold voltage transistor 202 may be damaged due to gate stress and electrostatic 
discharge (ESD) caused by a large voltage swing on the bus. If a high threshold voltage 
transistor is used, a larger capacitor 210 is necessary to provide the power for driving the 
buffer 208. 

[0006] Another problem with the output driver of Figure 2 is that at the low internal 

voltage supply (e.g., 1.0 volts) used in many modern low power circuits, the output driver 
may not drive a sufficiently large voltage swing onto the bus 102. 

[0007] Yet another problem with the output driver of Figure 2 is that the internal 

impedance of the output driver is not adjustable. Without the capability to adjust the internal 
impedance, the output driver may not be able to account for the variation in topology, signal 
frequency, and other electrical characteristics of the bus in producing an optimal transmit 
signal when communicating with other devices on the bus. 

[0008] Yet another problem with the output driver of Figure 2 is that the internal 

impedance of the circuit is not controlled with respect to the frequency, power supply, 
process and temperature variations of the system. 

[0009] In view of the shortcomings of the prior art, it is an objective to provide an 

output driver that can produce a large voltage swing on the bus with a low internal voltage 
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supply. It is another objective to provide an output driver that can drive high frequency 
signals. It is another objective to provide an output driver that meets ESD and gate stress 
requirements. It is another objective to provide an output driver to which the internal 
impedance is adjustable, after completion of manufacturing, to optimize the signal quality 
required by the receiving device. It is another objective to provide an output driver that has an 
internal impedance that tracks the frequency, internal voltage, process and temperature 
variations of the system. More generally, it is an objective to provide an output driver with 
these characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The aforementioned features and advantages of the invention as well as 

additional features and advantages thereof will be more clearly understood hereinafter as a 
result of a detailed description of embodiments of the invention when taken in conjunction 
with the following drawings. 

[0011] Figure 1 illustrates one example of integrated circuits communicating with 

each other in a memory system. 

[0012] Figure 2 illustrates a prior art circuit diagram for implementing the output 

driver of Figure 1. 

[0013] Figure 3 illustrates a block diagram of an exemplary implementation of an 

improved output driver. 

[0014] Figure 4 illustrates a circuit diagram of the output driver in Figure 3. 

[0015] Figure 5 A illustrates an exemplary implementation of the adjustable resistor of 
Figure 4. 

[0016] Figure 5B illustrates one approach for adjusting the impedance of the output 
driver. 

[0017] Figure 5C illustrate another approach for adjusting the impedance of the 
output driver. 
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DESCRIPTION OF THE EMBODIMENTS 

[0018] An output driver has an output port for outputting a data signal, a level shifter 

for driving a current to the output port in response to a current control signal, an adjustable 
impedance controller for generating an impedance adjustment signal, and an output 
impedance compensator for adjusting the impedance of the level shifter in accordance with 
the impedance adjustment signal and in accordance with a reference voltage. In some 
embodiments, the output driver also includes a tracking circuit, including a process and 
temperature monitor responsive to manufacturing process and temperature variations of the 
output driver, a frequency monitor responsive to the frequency of an input clock signal, and a 
voltage supply monitor responsive to an internal power supply voltage. The process and 
temperature monitor, frequency monitor and voltage supply monitor are interconnected so as 
to generate the reference voltage. 

[0019] Figure 3 illustrates a block diagram of an exemplary implementation of an 

improved output driver 300. The output driver 300 is implemented on a single integrated 
circuit, along with other circuitry (not shown) that produces a signal (e.g., input signal 320) to 
be transmitted to another integrated circuit via a bus 102 or other electrical interconnect. The 
output driver 300 includes a level shifter 302, an output impedance compensator 304, an 
adjustable impedance controller 306. The level shifter 302 drives a current onto the bus 102 
in response to a current control input signal 318. The impedance of the level shifter 302 is 
controlled by an impedance control voltage 303 generated by the output impedance 
compensator 304. The output impedance compensator 304 adjusts the impedance of the level 
shifter in accordance with an impedance adjustment signal 305 and in accordance with a 
reference voltage Vref on node 307. In some embodiments, as described below, the 
impedance adjustment signal 305 comprises a set of n impedance adjustment signals. The 
adjustable impedance controller 306 generates the impedance adjustment signal 305 that is 
used by the output impedance compensator 304 to adjust the impedance of the output driver 
circuit. The current control input signal 318 may be input signal 320 or may be generated by 
a pre-driver 316 which amplifies the input signal 320. 

[0020] The output driver of the present disclosure may be made using semiconductor 

manufacturing processes designed to produce at least two types of transistors (e.g., two types 
of n-channel MOSFET's). In one embodiment, the manufacturing process is a CMOS 
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process that produces at least one type of p-channel transistor and at least two types of n- 
channel transistors. A first type of transistor produced by the manufacturing process is a 
relatively low threshold voltage thin-oxide transistor (e.g., having a threshold of less than 
about 0.4 volts, and preferably between 0.2 and 0.3 volts), suitable for fast internal signal 
switching. However, this type of transistor, due to its thin gate oxide, is susceptible to 
damage caused by electro-static discharge (ESD), and it's gate can be stressed if used at a 
voltage higher than about 1 10% of the specified allowed maximum voltage. A second type 
of transistor produced by the manufacturing process is a high threshold voltage transistor 
(e.g., having a threshold of about 0.7 to about 0.9 volts), preferably used for driving signals to 
communicate with external devices. High threshold voltage transistors typically have a 
relatively thick gate oxide layer. This second type of transistor has higher tolerance for ESD 
and is less likely to be damaged by ESD or to be stressed by drive voltages slightly higher 
than the specified allowed maximum drive voltage for the device. However, this high 
threshold voltage transistor may not operate as well as would be desired when it is switched 
on and off at the rates associated with high frequency applications because of the higher 
threshold voltage required to operate the transistor. In addition, the high threshold voltage 
can be as high as or sometimes higher than the internal power supply, making the second type 
of transistor unsuitable for driving signals at the speeds and with the accuracy needed to 
communicate with external devices in a low internal power supply environment. 

[0021] In some embodiments, the output driver 300 includes a tracking circuit 308. 

The tracking circuit 308 includes a process and temperature monitor 310, a frequency 
monitor 312 and a voltage supply monitor 314. The process and temperature monitor 310 
adjusts the reference voltage in response to manufacturing process and temperature 
variations. The" frequency monitors 12 adjusts the reference voltage in response to the 
frequency of an input clock signal. The voltage supply monitor 314 adjusts the reference 
voltage in response to the variations of an internal power supply V d( j 322. In one 
embodiment, the process and temperature monitor 310, the frequency monitor 312 and the 
voltage supply monitor 3 14 all contribute to modify the reference voltage Vref on node 307. 
In other embodiments, the tracking circuit 308 includes only a subset of these monitors, such 
as one or more monitors 310, 312 or 314, and/or includes other monitors or tracking circuits. 

[0022] Figure 4 is a circuit diagram of the improved output driver 300 in Figure 3. 

As illustrated, the level shifter 302 includes transistors 402, 406 and 408. In some 
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embodiments, transistors 402 and 406 have the same or essentially the same threshold 
voltages and/or gate-oxide thicknesses. In other embodiments however, the level shifter 302 
includes a low threshold voltage thin-oxide transistor 402, and a high threshold voltage thick- 
oxide transistor 406. The level shifter 302 also includes an electrical overstress (ESO) 
protection transistor 408. The basic operation of the output driver 300 is that a high 
frequency input signal 320 is amplified and driven onto the bus 102 by transistor 402, while 
transistor 406 has a impedance that is controlled by all the circuitry to the right of that 
transistor. By suitably controlling the impedance of transistor 406, the strength of the current 
drive as applied to the bus 1 02 is controlled. Although as illustrated in Figure 4, both 
transistors 402 and 406 are NMOS transistors, it should be noted that transistors 402 and 406 
may be implemented using other transistors (e.g., PMOS transistors) and/or different types of 
transistors (e.g., one may be a NMOS transistor and the other a PMOS transistor). 

[0023] The drain terminal of the high threshold voltage thick-oxide transistor 406 is 

coupled to the bus 102, the gate terminal of transistor 406 is coupled to the output impedance 
compensator 304, and the source terminal of transistor 406 is coupled to the drain terminal of 
the low threshold voltage thin-oxide transistor 402 via circuit node 404. The gate terminal of 
the transistor 402 receives a current control input 318 from the pre-driver 316, which in turn 
amplifies an input data signal 320 to be transmitted onto the bus 102. The source terminal of 
the transistor 402 is coupled to the circuit ground. Transistor 408 prevents circuit node 404 
from reaching an excessively high voltage (e.g., due to an electrostatic discharge on bus 102). 
The drain terminal of the EOS protection transistor 408 is coupled to node 404, the gate 
terminal of transistor 408 coupled to an EOS clamp circuit and the source terminal of 
transistor 408 is coupled to the circuit ground. Transistor 408 is biased so that when the 
voltage on node 404 exceeds the maximum allowed voltage for that node, transistor 408 turns 
on and thereby drains off the excess charge on node 404. This protects transistor 402, which 
is not suited for exposure to high voltages on its drain. The EOS clamp circuit, not shown, 
sets the voltage on the gate of transistor 408 to approximately the maximum allowed voltage 
on node 404 minus the threshold voltage of transistor 408. 

[0024] In one embodiment, the transistor 402 is implemented as a plurality of low 

threshold voltage thin-oxide transistors 402i (i=l to n, where n is an integer greater than 1) 
connected in parallel between node 404 and circuit ground. The drain terminals of the 
transistors 402i are connected to node 404 and the source terminals of the transistors 402i are 
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tied to the circuit ground. The parallel transistors 402i may be of equal size, but more 
preferably are sized so that the current drive capabilities of the transistors, given identical 
gate, drain and source voltages are binary weighted (i.e., lx, 2x, 4x, etc.). The gate terminals 
of the parallel transistors 402i receive corresponding current control inputs signals 318i (i=l 
to n) from the pre-driver 316. 

[0025] The output driver as illustrated in Figure 4 is capable of transmitting the input 

signal 320 onto the bus 102 with the combination of a fast switching low threshold voltage 
transistor 402 and a high threshold voltage transistor 406. The low threshold voltage 
transistor 402 is driven by a low voltage internal power supply. The low threshold voltage 
transistor 402 may be driven like a switch by the current control input signal 318. The output 
driver works well with a low internal power supply voltage V d d 322 because the low 
threshold voltage of transistor 402 allows that transistor to be switched on using a 
correspondingly low voltage signal. The size of the high threshold voltage transistor 406 is 
approximately equal to or slightly larger than the minimum size that still satisfies the ESD 
requirements for a particular design. The bulk of the transistor 406 is tied to circuit ground to 
shunt away ESD current. With the ESD protection provided by transistor 406, a large 
amount of current may be driven by the output driver 300 without risking damage to the fast 
switching low threshold voltage transistor 402. 

[0026] The internal impedance of the output driver 300 determines the amount of 

current driven onto the bus 102 to the receiving device, and determines the amount of current 
to be consumed by the internal circuitry of the output driver. Under normal conditions, an 
output driver with a relatively high internal impedance would not substantially alter the 
impedance of the bus 102, thus allowing the output driver to drive most of the current to the 
bus 102. As a result, only a small portion of the current is consumed by the internal circuitry. 
In addition, an adjustable internal impedance is desirable for the output driver to 
accommodate variations in topology, bus frequency, and other electrical characteristics of the 
system. 

[0027] The output impedance compensator 304 includes a V gat e capacitor 410, an 

operational amplifier 412, and an adjustable resistor 414. A first resistor Ri 418 is coupled 
between the positive terminal of the operational amplifier and the tracking circuit 308. A 
second resistor R 2 420 is coupled between the negative terminal of the operational amplifier 
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and the circuit ground. In one embodiment, the relationship between the first resistor 418 and 
the second resistor 420 is Ri = R 2 / 2. The adjustable resistor 414 connects the output of the 
operational amplifier 412 to the negative input of the operational amplifier. The tracking 
circuit provides a reference voltage Vref on node 307. The operational amplifier 412 
provides an amplification of the reference voltage Vref by a factor of (1 + R a dj / R 2 ). The 
reference voltage provided by the tracking circuit 308 may have been adjusted in accordance 
with process, temperature, frequency and/or internal power supply variations. The gate 
voltage Vg at e on gate node 407 of the high threshold thick-oxide transistor 406 can be 
controlled by adjusting the impedance of the adjustable resistor 414, which in turn adjusts the 
internal impedance of the output driver. The ability to tune the internal impedance allows the 
output driver 300 to generate a signal level that is most desirable for communicating with a 
particular device on the bus. 

[0028] In some embodiments, the output driver of the present disclosure also includes 

a tracking circuit. The tracking circuit may include one or more of a process and temperature 
monitor responsive to manufacturing process and temperature variations of the output driver, 
a frequency monitor responsive to the frequency of an input clock signal, and a voltage 
supply monitor responsive to an internal power supply voltage. In one embodiment, the 
process and temperature monitor, frequency monitor and voltage supply monitor are 
interconnected so as to generate the reference voltage. In the circuit shown in Figure 4, the 
Vgate capacitor 410 need not provide power to the pre-driver 316, since the pre-driver 316 
receives its power from the internal power supply V dd . Therefore, the V gat e capacitor 410 can 
be eliminated or its size can be reduced significantly. In addition, detaching the V ga te 
capacitor from the power supply eliminates a noise source to the output signal. The gate 
voltage V ga te"on node 407 is derived from the reference voltage Vref on node 307 from the 
tracking circuit. The operational amplifier 412 acts as a filter that filters out power supply 
noise in the reference voltage. Thus, a significant portion of the noise that would otherwise 
be present at the gate terminal of the transistor 406 may be eliminated. Another benefit of 
reducing the size of V gat e capacitor 410 is that it allows the voltage at the gate terminal 407 of 
transistor 406 to be adjusted quickly to provide active output impedance control. In an 
alternative embodiment, the V gate capacitor 410 is eliminated by incorporating it into the 
operational amplifier. This is because the operational amplifier 412 may be configured to act 
as a low pass filter, thus replacing the function of the V gat e capacitor 410. 
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[0029] In some embodiments, the process and temperature monitor 310 includes two 

diodes 422 and 424 connected in series. In some such embodiments, the two diodes 422 and 
424 (which may be implemented as diode connected transistors) resemble the level shifter 
transistors 402 and 406 in that all four transistors are manufactured with the same process and 
their electrical characteristics are closely related. The variations of gate voltage V gat e on gate 
node 407 of the high threshold voltage transistor 406 due to temperature and manufacturing 
process can be monitored with the combined threshold voltages of the diodes 422 and 424 in 
series. 

[0030] In some embodiments, the frequency monitor 312 includes a switch capacitor 

430, a current source that contains a pair of p-channel transistors 426 and 428 (e.g., PMOS 
transistors), and an input clock signal 438 that provides a frequency reference to the circuit. 
The frequency of the input clock signal is a function of the maximum data rate of the signals 
transmitted over the bus 102. For instance, the input clock signal 438 can be a copy of, or a 
signal derived from, a system clock signal that is transmitted in parallel with the data asserted 
on the bus 102. The switch capacitor 430 produces a bias current I sc that tracks the frequency 
of the input clock signal. When the input clock frequency increases, the corresponding 
amount of current flowing out of the switch capacitor I sc also increases. When the input 
clock frequency decreases, the corresponding amount of current flowing out of the switch 
capacitor I sc also decreases. Since portions of the bias current I sc flow through the pair of 
diodes 422 and 424, when I sc increases, more current flows through the diodes and causes the 
reference voltage Vref 307 to increase. When I sc decreases, less current flows through the 
diodes and causes the reference voltage Vref on node 307 to decrease. 

[0031] In some embodiments, the voltage supply monitor 314 includes an operational 

amplifier 432, a transistor 434 and a resistor 436. The positive terminal of the operational 
amplifier 432 is coupled to the voltage supply V dd , the output terminal of the operational 
amplifier is coupled to the gate terminal of the transistor 434 and the negative terminal of the 
operational amplifier is coupled to the source terminal of the transistor 434. The drain 
terminal of transistor 434 is coupled to the reference voltage Vref on node 307 of the tracking 
circuit 308, and the source terminal of the transistor 434 is coupled to circuit ground through 
the resistor 436. The voltage supply monitor 314 monitors the variation of the internal power 
supply Vdd in such a manner that when the internal V dd increases, the operational amplifier 
432 outputs a larger voltage signal to the gate of the transistor 434, which causes a larger 
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current I V dd to flow through transistor 434. As a result, a smaller portion of the I sc current 
would flow through the diodes 422 and 424, which in turn causes the reference voltage Vref 
on node 307 to decrease. On the other hand, when the internal V dd decreases, the operational 
amplifier 432 outputs a smaller voltage signal to the gate of the transistor 434, which causes a 
smaller current I vd d to flow through transistor 434. As a result, a larger portion of the I sc 
current would flow through the diodes 422 and 424, which in turn causes the reference 
voltage Vref on node 307 to increase. Hence, variations in the internal power supply V d d are 
tracked by the reference voltage Vref on node 307 of the tracking circuit 308, and the internal 
impedance of the output driver 300 is adjusted as a function of the variation in internal power 
supply voltage. 

[0032] Figure 5 A illustrates an exemplary implementation 414A of the adjustable 

resistor 414 of Figure 4. As shown in Figure 5A, the adjustable resistor 414 can be 
implemented as a group of n transistors 502 connected in parallel with each other, where n is 
an integer greater than one. The drain terminals of the transistors 502 are connected together 
and the source terminals of the transistors 502 are connected together. Each of the gate 
terminals of the n transistors 502 is coupled to a corresponding input impedance adjustment 
signal of a set of n impedance adjustment signals 305. The resistance of each individual 
transistor 502 is adjusted by turning on or off the corresponding one of the impedance 
adjustment signals 305. The total resistance of the group of transistors is the resultant 
resistance of the transistors 502 connected in parallel. 

[0033] Figure 5B illustrates one approach for adjusting the impedance of the output 

driver 300. In this embodiment, the adjustable impedance controller 306 includes a control 
logic block 504, a decoder 506 and a memory array 508. The control logic 504 receives a 
programmable input 503 and computes an address for the decoder block 506 in accordance 
with the programmable input. The programmable input may be generated by a 
microprocessor or by a controller of a system. The programmable input, which includes or is 
derived from information concerning one or more characteristics of the system in which the 
output driver is used, may contain or be based upon topology information of the system (e.g., 
the number of devices connected to bus 102, possibly also including the positions of the 
devices on the bus 102). In some embodiments, the programmable input is also based on one 
or more additional system characteristics such as the bus frequency and other electrical 
characteristics of the system. The decoder 506 decodes the address and determines a specific 
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location in the memory array 508 where a predetermined impedance adjustment signal 305 
(or set of adjustment signals 305) is stored. This impedance adjustment signal is in turn used 
to control the adjustable resistor 414 for generating an adjustable resistance value. 

[0034] Figure 5C illustrates another approach for adjusting the impedance of the 

output driver 300. In this approach, the adjustable impedance controller 306 includes control 
logic 510 and a register 512. The control logic 510 receives a programmable input 503 and 
computes a set of control signals in accordance with the programmable input. The 
programmable input may be generated by a microprocessor or by a controller of a system. 
The programmable input, which includes or is derived from information concerning one or 
more characteristics of the system in which the output driver is used, may contain or be based 
upon topology information of the system. In some embodiments, the programmable input is 
also based on one or more additional system factors such as the bus frequency and other 
electrical characteristics of the system. The set of control signals are stored in the register 
512. The output of the register 512 is the impedance adjustment signal 305, which is used to 
control the adjustable resistor 414 (see Figures 4, 5 A) for generating an adjustable resistance 
value. 

[0035] The output driver of the present disclosure may be used in any circuit that 

outputs a signal, including for example output driver 108 in any one or more of the memory 
controller 104, memory modules 106 and DRAMs of Figure 1. The output driver of the 
present disclosure may also be used by a first portion of an integrated circuit to, for example, 
output a signal for use by another potion of the same integrated circuit. The disclosed output 
driver provides at least four advantages. First, the output driver can drive a large voltage 
swing onto the bus 102 using an internal voltage supply smaller than the voltage swing of the 
output signal being driven and at the same time meeting the ESD and EOS requirements of a 
particular design. Second, the output driver can assert signals onto the bus 102 at a higher 
frequency by eliminating or reducing the size of the capacitor loading at the gate of the output 
transistor 406. Third, it allows the output driver to fine tune the output signal by adjusting its 
internal impedance on a per device basis. This adjustment can be done even after the 
integrated circuit that contains the output driver is manufactured and the integrated circuit is 
placed on a printed circuit board. For instance, as described above (see description of Figures 
5B and 5C), the internal impedance of the output driver can be determined in accordance with 
a programmable input, and the programmable input may be based at least in part on one or 
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more characteristics (e.g., the number of devices on the bus 102, operating frequency, and 
other aspects of system or bus topography) of the system in which the output driver is used. 
Fourth, it provides adjustment to the internal impedance of the output driver by tracking the 
process, temperature, frequency and internal power supply variations. 

[0036] One skilled in the relevant art will easily recognize that the present invention 

can be implemented in many ways, using many modifications of the disclosed exemplary 
circuits. For example, tracking circuit 308 may include just one, or just two of the three 
monitor circuits used in the embodiment shown in Figures 3 and 4. The tracking circuit 308 
furthermore may include other types of monitor circuits in addition to, or in place of, one or 
more of the monitor circuits used in the above described embodiments. Other embodiments 
of the adaptive impedance output driver circuit may not include a tracking circuit at all. 

[0037] The foregoing description, for purpose of explanation, has been described with 

reference to specific embodiments. However, the illustrative discussions above are not 
intended to be exhaustive or to limit the invention to the precise forms disclosed. Many 
modifications are variations are possible in view of the above teachings. The embodiments 
were chosen and described in order to best explain the principles of the invention and its 
practical applications, to thereby enable others skilled in the art to best utilize the invention 
and various embodiments with various modifications as are suited to the particular use 
contemplated. 
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